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[SAM 

¥7 MEMSCMicro Electro Mechanical System) 7>i£ ^-#3]7H ^ ^Hr}. 

71^4, #7] 71^: tfcfl >*1S H^H-^ 

4 V 7l 7l^ -S-ofl Hfl*l£ nl-olHi ^^HH^, ^ ^ °fl' °1 °fl 

^ ^"71 JjL.^Aitf <^ $1*13. ol-^7>^^H, «Uj-51 80%ol^ ^-f^ 

€ ^r^^M: MEMS 7 r £ ^^7l» ^1^4. SE^, £ t^^l ^=H^3] 

tt4 *b£>i>.s 3 a)-?! 5Hf- W£^-§- 7>^ %#$7)-W -t- 

4 ^3 MEMS 7>^ ^ifl7H 1^ = ^, ^V^-SH 4^ A>^^- o^^-o. 

£ 3 

MEMS(Micro Electro Mechanical System), 7}^ ^"^^7] (variable optical attenuator), 
^V^Kbeam shutter) 
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MEMS ^-^-ifl^HMEMS VARIABLE OPTICAL ATTENUATOR} 

Sl^r -f-^ MEMS 7><£ ##£fl7l2l 7 fl^ A>Al£olc].. 

512a ^ 2b^ AA MEMS 7>£ %7j$y}<>\ %^A^ °l-§-*H ^ 

M3-£r £ <i^]^3Hl 4-E- MEMS ##ifl7l2] Ti7> £i£ 5g## # 

£4^ £ 4^- -M^3H1 4€- MEMS 7f^ ^-^-iH7l^ til^]7l^ ^Wl- 

£5^ ct cfs ^Al^EfloU rtj-s. MEMS 7}# %£$\7}°] %*\^-£r 

£6^ £ ^4 4€- MEMS 7}# %A^7}2\ 7m*WS.°M . 

£7a ^ 7b^ AA ^4$\ MEMS 7>^ ##ifl7l<2}- -g- ^9] 7><£ ##3)71^ sf^- 

11: 71 # 12a, 12b: 
14: ^1*}^ 15: 
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16: ^^Jf 17: 

19: *Y3t^r% 20: ^^-iKr 
30: ^X)$m°-i£ 
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<14> y^go. v}°}3.£. ^^>7l^^ Al^efl (Micro Electro Mechanical System: MEMS)^ 

3i^}7} olAfl ^V^Kbeam shutter)^: MEMS ^#3] 7H ^tr 3Mcf. 

<is> W^l-g- % ^4fl 7 ]^ *V ^-o] ^a}^ #a>^ -Ttil^-Tl, 3. ^ A r^5.^-^ % 

#3L<>\) #A>^>fe f-ff-^- ^^Cf. 

<16> ^al^jo.S, #-§-^^1 ^Al^^^o. ^ Aj^eflo} ^oj) 45} 4^1-711 Aj-g- 

A^Cf. °1 ^H^, ^7l7lM- ^^7l7lofl Cfltr ^ ^ iH^ofl 
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<i7> f 7 ] % "4 ±|1 y] :- ojx^-s-v ^ifl^A -T-l:- 5*3 #4±1I4( fixed optical attenuator) 

.4, ^illt-i- -Vh'<-°U 44 £H4 -v 44 7]-^ ^^il] 7] ( va r i able optical 
attenuator: V0A)SL £44 ^ # 7 vMMtt ilc]- n^g-o.^ aIs^o] -f^sj- 

Jl 3.7} S. 4 <--'<l y A°) -£4 L 4-a 5l D K 

<ia> js.n L €- 4^4471 ^l'Sll, ^]t3<H1^ 44 7l## °1 -§-?t MEMS(Micro Electro 

Mechanical System) fi£ 7fl^Jl 514. MEMS 7>w| #4±fl4^ ^«H|fe t »h44 #-§: 
^ *-'l f5| '7)^ ^H) u]*fl ^58] *}?Hl°14-i- 4 a !-°.j.'- 4444 

f4444 4471- ^44(?£^ #4^p14m t)^54f^ -r^.vH'r:',:- 4 

A|Vb''lt'l at.M *j )iLfrL ^4-":- 44-& i*147l| 44. 
<19> #iifl4 33 ^)fH44# 4-§-4 7>tM #4±fl7|# r)-4 HI',; a). a] i;| . 

£14 MEMS 7>^ ##ifl7lfe, ^44:(20)4 n"44(30)4 ^u)4 7|SKll)4, ^44 
(I2a,l2b), ^444(14), ^^(15) 4 4-£^«-(i6)i?- -?^4 34 ^iH1444, 
44 44°fl°144 ^l-S-^WaH 444 4444(17)^ i£444. 

<2()> At--/] ^^-^4f(i2a,12b)4 ^4 44(14)€- 44#-t( MO i ) ^ (anchor )*'4i£ % v : 19) 

4 4«H 7]s}-(ii) Ai-i 4344. 44 4**144(16)^ 471 i«%i(l5)€- f-«ll 471 
;•! <! ;-l-!-(l l)4 4^14 4^(11) 44 4444 444^-tt 444. £$L 47| -iKv 
<l (( !2a. 121))i;'.j,' ',' 1) H ! if'-g-( 13a. 13b)i.?- 4 7 | f>-?X4 4 # ^"44 16)4 4^ 
444 '3!4(interdigitated comber" Y 4-r444. 
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<^> V.^lM i' '6- <]:;( 12a, 12b) ?! <| !( 14) a|o|o|| -<l N'| x| /| oj .V] .', ,'• 

Mst 6 l J 5-^t-V-(16)^ n 1 ^^ ^ ^-(13a,13b) oi aj-^. - f . o,| , s] 

x^a]o| ^.U, U <!•••! ''11 <>U 4'o^; <>1^^^.(16)7> To J- 

(13a, 13b) 01-^-4 711 £4. °14 ^ 16)3 ^-g^l 44, #4#4(17)°1 

#^M^V+(20)5-V ^^-Pr^K30) 4ols -r^.^ti a #(30)51 ^44tt ^ 

<22> oj^ MEMS 7]-«l ##£l)7lfe A>-g-i4^ttjo.)oil afe} ^]-iH%vo] a^j.*) o> rt |.o|- <g- ™ 
u> oj-qej-, <]. ^ ) $-%o) x\#°) tugj.u]. 4^ ^ xiv -o] jq^-ofl ^1 «fl •£ 

4 'A I'- V V;- °1 -?-| isll -'4 °1 0.^3 4 . 

<23> # ^1 7> # f4fl7lfe #*)-#44 n L ^^L sj-#$>l#£^ 

(wavelength dependent loss: WDU4 Vd#4€r-£^(polar izat ion dependent loss:PDL)°] 
-r/.i-!-v- £-47} $£4. 

<2"> lr_2a ^ £2b-^r #£114 7V^ ##*H7l4 44V! , -'h>l| 4?b J o> {MU^-ir ^ 

^$1-71 ^|tl 7H^ol4. 

'i£.2al- 4 ol VI. M'i 1(20 ).^'r-V-M r<4vl (30)^.',- ^^Ir: Vv! •') °- 

MjA'H! #4Vl "!-(27)<->ll P| ill x| vl!: ; l • • -t] HI 71- .'c.AlVlo) 01 r). o| >-l o|] r: a1 vl :-r<Kl '-'! 
(27),° <•» rr'I'-'IH \' .<.]■[ y\ £-<?l*l- ':U'l i'.' 0 ! 1 1 . 
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<■<>> #7] 4444(27H 4 4 o.i o| i4l(R)e 4444 r MVK:-!0)P i; ! o| o |A ]. 7 |. 

4444. 4444(27)4 4^-444 44 ^4€44h---. #44 4(T)€- -t-tlvl 

(30 4444. Sill, 4-Y-4 'llCSDe- 4444 ^AluV(30)o.J2. <?J4444, a 4 

€- 444 444(S2)£ "34444 #44(20) <Li3. '114 44 # 44. 44 44, 44 
§ *U44 *34^ 4444(27)4 4£ 44i4il sflll -61-7] H2b4 44, Au, 

Ni, Cu, Al, Pt4 44 U J4H4 -St-&- -«#(4 90%444 ^4"H 4444-8: a> 

-§-9:1:4. 

<^> ^2bfc- uUf-^ f^#4 Au7> £i£4 4444(37)4 4-§-4 if- ^4t!;4. £ig6fl 

AuiE4#(37a)# 4fe- 4444(37)-8r ^-¥£4 '^(RM- 444^ ^2a4 ^o] 
(30)£.£ 444^ '3! 4 7|4 4^4?H &fc4. 

<2«> 444, A1.7I- £4^1 %444(37)H ^(Sl,S2)£ 1^444. a 444 

'$14 4-?-(Sl)-b ^-44(30)^-51 444^-, -1 4-g- 4-7-:- #44(20)<U2. 44444. 

<2<» ^ ^o\ t A u#4 4vr #444-1- 4*§-«M. #444-144^14 ^44444^-^ 
44 '.|;-; 44^1 50%# 4443 :,' 4 "114. 444 ^ 444 fe- 44(R)4- 4 49%4oi, 
444^ 44(Si+S2)£- Vh^iL 4^4 ^ 44. 444. 4*14 444€- «14 ;i "14 
o] •'-Kl l'] ;i 44 J o lo l| 44 444(back ref lect ion)44°l ^44 ™4 °414. 4 
4 4 444 4SH1 44 4444 44hj;I. ^-44444^^ 444 '<■} ? °H 44 
44i)|7]5| 44°l :'(WDI.) 4 444^?4(Pl)LH -^4614 444 4=4 t 4 4 
4. 
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<io> o]s>> yj-o], MFJS 7 ].ut] -4 (J ill /] :i 4444 4444°H ^sfl 

4444^4 b-zrol-.,/. 444-£-£4(WDL) 4 £#4-£-£4(PDL)4 o 44.".:.L, #ifl 

44^1 S4. 

<n> u)-4a|, # 7l^-@-e>H^^- 4444 44 44i4444 ^aV^] o]^ ^ 

44 4 Slfe- i 1 <)\ I'-'! :l- SJ-fe MEMS 7># M-ii)7]# xll-^>^-t-ll o|c]-. 

[4*34 44 7jt-*] 4*111 

<32> £ UVcg^ 7 ]£4 £-*H*h|- o||:(]ol-/| 4 sfl 4#€ >!-°-'-. ^ 4 £ 

4 444*114 4 4444 44-4444 4444 4^44 ^ *■-■••;• "l-"'-'l 4 ^4. 

# 4444-^ 4*c!4 ','-411- [1 4 -£-*U- ".LVlYl 4444-I: t 1 ^^: MEMS 7>^_ 44' 

<«> £ 444 4-1- 44^ f*m«H 4444t4 &4 ^^1, 4444- 

€- ¥444:- 44 14444444 4444 4;.' ^44 4= 444 41: Ml 4 
4444 4| o' 4 -. :•'•!) 44. 

I4-34 74 4 441 

<w> 44 444 4*114 4444 4*114. 4 4 '3 4 4 44 4 444 v>. 



:;i-io 
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<li(i> Al-7] 7]^- Aj u|o|j ,|)| *] V) U) C| <| <|- ^,>.0||0| l: ]i>]. 

<38> Al- 7 ] o)}^Ol|olE^l 21S11 Al- 7 | -^--Alcl- Al-Olo] Q) xj c| ^ ^ 6 j.£ 7 p o ^^ V ) ; A|..>,: 

^KV^ ^Mfe MEMS 7># ^-#±117)1- xll-i' olu).. 

<;«)> £ c|.= ^Al ^ufl^ A^-;-, 

<40> Al-^-g. £ fe 71^4, 

«U> ^7] 7\ % Al-ofl U|] x| Vl n|-o] : , ^-fr 0 ll °) ^-] £} , 

<«> AJ-7] ^j^clE-lofl 21-611 -8-71 ^-t-Al^ AHoj o] ol^^sH, # 

90°ii4 ?l-2- 7jo.ii!. /.jA|.xi u.) a yy^ %x}#r>\-$: S^fe MEMS 7>>£ M^l-ft afl 

<44> 447}, £ ^ o. Aj-7) - 7l-x]o) AJ A )-&1U)1# E] ^ Ufsj- 

-•!o!-i|-. 

<45> <i t^^ll ^ll-§-^lr: t^KK^I H7H JcStlfc- Ti , Ti() 2 . Cr ^ Cr()2, W, 

Te Beiil n x ^1 *l<l>j*} t 1 514. ° : 1 7 H *<W?H -MM #fJ# Ti 

:;i :i 
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Si^ CVA mt-lr 4£t >$ 44 ^?MH44 ¥3HHI ^S^fe 

4*J.S 4444«U XXSlrr 'V?!?!' y}4r£.& HJE4rr jjjo] m |- ^} -'j 6| L )- . 5<i4, 

4 f! f i 4*144 4-§-44 -"I ifHr#4 '•l|14°-.-.L #31. Ti0 2 

4 Cr0^> 4^r444#4 ^12 fo.js. ^4$H 44#°fl ^-4" M4 

°-.'r. 444 <r 514. 

<4(5> £ U^o] 4 A 14£H4r7, AT-7] oM^eHlo]^---, 4?) 7 ]j£ -y-ofl j/^4 

f]x|x| i-4. 44 7isv ^44, ^4<?j4 444-i- 444 f J J 4 41. 44 7] 
4- 4^1 "11444, 3 444 44 34 4-H 4 44 iH^4,^4 7] 4 44 a)]44 
4 A o v 7] 4^-444 47l iit^4 44*11 44^14, 47) 4^444 444 4444 
41-4 4442:4 4r- ^4444 it44^4 4^4 ^ 4-^4, 
<47> o}$\ -^o] aj-7) ^ifHl441- 444^ ^-°r°114, .44 44444- 4444 
44 4f!v)v»l, 47] ^4444 47) 4^444 4444 3*H 47l 4^444 44 
4 4444-4 44 4-5-4444 °13HI 4^1) 47) #^44 44^1 4^ 4 4^ 
4 -t- 44. 

<48> 4-s-V, '.414 4^-44 4 444 il4 4*114 4^4^14 44. 

< 19 > , ■■,<:>. Xi7 )- \ Y4-! ^44 44444 4"14 44 44*1144 444 'i!4 v l 4 
4 /ll4J.i.°)4. 



:;i-i2 
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Jc3-S- 4>4Vl . 4t!44(20) o -V-l:| ^ o . r !.(;»()) o ojA].v|A-- ^-^o] 

*l-44(47)-8: :i 5U*H £]4Tr(Ti)-M# Hit^H Ti#(48)-§r ^w)^ 

<i)elM4. 

_ w *H<Se)HH #4£4(47)^ I£i£^ -t^S. £l&Hr(Ti)£- f-Kfl^l Au 

#(V.);A>2r_:^ 98%)4 4^1 #¥4^ 1-^44. <r, 44^4 4 60% ^4, ^l^S] 
4 40%ir -f-44 44. ^-4-^ 44444 -^1* n iA i«H-r ^iil@(Si)£L4fc- 

3£ M*14, ^44^ '1! -?■: ^4*14^ %JL &4. 

444, H3i .V.Alijl 4^ (Jo|, 4^^aj o r ^ (20) _o r^E^ t4J44^r4(30)A£ 
° t } K \-'A\: 4%^ 4-Y-# Ii-t-(48H #444(47) A3 <} vl *i*L n 4 v! 

4 'i^l -V-S-(R)^- 4444 ^444 44(30) AS 44*1 &o_4, ^>^yv(47)-g- 

-f-i'f§>fe zi #444(47)^1 Ti#(48)-§r f-^fe- 4M4 ^£44 *143Aiil 
^4#4-Pr4(30)-gr *M4 &r?4. 

3E$. 4444(47H *J^4 Ti#(48)£- f-Hj|4 Au4 46 44#4 44 VW* 
7]- fexl ^OES, 444 S]S4 444-V- &4 ^ 44. 

44 A 1. 444°H z\ 4 o\v\ >>}>■■ 444£-£-4(WDU ^ s]£-£*!(PDL)4 SMI 
IU.-M4 44 4(!-:il 4^4 444^! 4 514. 
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<56> M. ^Al ^Bllo)|A^-, ^Al^-Aj.p r tV(20)O.aJ i , -Ei Ul '^l;- y) A) 4'6 l o l 100%^ jl, oi 

f^H 50%4 xV^ji*} >i' >4 M 1 -'! (47) a- K^IU -?r4(20,30) 4°14 ojxj 

-?1 *m <-->l^-4:l "HI . A J;7] #444(47 H 44^H <K!?'1 ? .:- '3! £- 4*fl ^ 
;30%S, 4*H tfl^-g-^- Tif (48)-i: f-44"r 4*<HH ^144. AuiM- 

V;V: #4444 «lH4'£, Aul; ?;HU #^4 4 49%(98%*jH4 44^# 7}*])# 44 
A 1444, T\7\ #444^-t 1 -£1 uUVsl-v- ot 20%^ H ~4<LILSiL, :U?, <y 

€ 44#\£ f-44 Au £5 #444iL4 4£ A 1^ ^ 9-M- 314, 44^14 #4 
V » "1^1 Ti #(48)fr V-4ol:: 'Jlf.- ?1>3#°1] >.V! V)" '. 1 . ■'r4444.V- -r 514. 

44^-?,- ^iA)7i - 4#4£-£^(WDL) Mi-;-- £44^4(PDL)-|- 

#4^1 *1 -r 514. 

©1 ^1 -61- $-a\#m\o] xj-c^AjA. 7 ||a-]|!- - oi: !: - v^-bl-^j-.v-, Ti^tV 444. Cr. 
W. Te Be4 ^^H4 4-§~4 -r 1 .! 514. tf^~4 4£ *H 

1.-1. TiOv, CrOv-'c •!•'• 44'H M _S.n'-4ir ^-f4-H u & 44 4*1. ^44^" ^44 

:;i -I I 
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«H3& 44W. aej. Ti, Cr, W, Te ^, Be 4 t€" #^"fl# 4-§4ir 
rr. :i *Hl-§^& ;i ^lll-f $H Ti0 2 . Cr0 2 4 *1)2# 
i -'.- 514. 

4t ^lli- #41 «1 ^t^. SM i£l# t^^rVi, Ti, Cr, W, Terr VM X JL7\ 80% o] 

ol ■.!. . l i-H <| »»!£- Y-44^ VI :./- <l|<:!4 -n^H "K! ^V!"l :1 £fe t -r 

514. >, iH4 ^-ai, '3! a. . ' MH14 iY.H Y)a 

0\® 3^lL> -°r^?r #*KHH£ ^ 514. *>7l iil4 4 

«■>(» [ii 1] 





tl-t-V-rffiii: 


«|-r V- ^H Sr 


H| A| 


a-.Vli'lUWiiin) 


Ti 


4.04 


3.82 


0.596 


0. 139 


Cr 


4. 13 


5.03 


0.680 


0.183 


W 


2.36 


4.61 


0.710 


0. 168 


Tc 


7.23 


0.48 


0.574 


0.017 



<gi> Hi*L ^^Hr*!^4 4M4, -J- £<a°l 451444 ^-°r4, #*!4 #3j- 
451 ^-7] #^-#^4 -f r Af^ Ji 4 r -§o|) 4-S- 4444 I'df -i-^ 

JiL 444W-44. ccfel-Al, Ti0 2 . Cr() 2 4 4Sr4-E- 5Efe- -^#4 1H1 

4 <l VI '•'! °l| r,:lS^14 iiV:I-t-gr i'U-U -r 514. 



81-15 
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<(52> Ic4te ¥Hhalf)^7|^ #444(57)-g- 4^-4 t!^ 4?] 4^ 

<C3> £ ^A]-Sj^o)|A-]^ Auf" 4&44 #444(57)4 ^-^-t «^A|^J^*1 AJ- 

444 44^WI #*KW57)# 4444 «J£ y! fU]-/| -r ^14 114 4(30)^1 3*4 « 
44*1 44 >14'-41. 

«yi> v a4 oii i.-:a]si 44 £oj, #444(57)^- 444^ f r #(30)£l 44(xi)4rr 4^4 

44 44°]. £4#4*tH20)4 #^(X2)*Kr 344 4-§- #vr4. 
«>s> av 7 i ^A} ? 1 u|c] zM-^ 4444(57)4 -f-44^ ^ t*i44 n^^Hr^l 



«><;> .'.-/lolp,.- a}-7] t'^l]7l^ 4444(57)4 ol44°1 £aj i^-a] 44(20) -SliM 1 3 ^r4# 

444(30)<LJiL ^^5-1 444 x|i ; i;o!; £5£4 'r.Al',|o| 014. Oj 

4*I<ls 44444 44 ^l^lolEl 4^-&4 "r^)°14. 
<6?> oi4*i 44-^4*14 4 60%44^1 4 -T-44?la5., -o"^))o)]fc- ojei^- .^4^ ill 
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